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NATTONAL ADVISORY COMMITTEE FOR AFRONAUTICS

RESEARCH MEMORANDUM

EFFECTIVENESS AT TRANSONIC SPEEDS OF FLAP-TYPE
ATLERONS FOR SEVERAL SPANWISE LOCATIONS ON A
4 -PERCENT-THICK SWEPTBACK-WING~-FUSELAGE
MODEL WITH AND WITHOUT TAILS

By Gerald Hieser and Charles F. Whitcomb
SUMMARY

A transonic investigation has been made in the Langley 16-foot tran-
sonic tumnel to determine the effects of spanwise location of a flap-type
aileron on the lateral characteristics of a L4-percent-thick sweptback-
wing—fuselage model. Some effects of the model taill on the lateral
characteristics are also included. The inboard, midspan, and outboard
ailerons have a span of 40 percent of the wing semispan and a chord of
30 percent of the wing chord. The tests covered Mach numbers from 0.80
to 1.03 and angles of attack up to 27°.

For the model with no tail, the outboard aileron effectiveness was
the lowest at angles of attack up to 12° while the inboard and midspan
allerons had about equal effectiveness. The effects of the empennage on
the model lateral characteristics with the inboard aileron deflected were
generally greater than the effects on the characteristics with the mid-
span aileron deflected. With the inboard ailerons differentially
deflected 15°, addition of the empennage caused a reduction in the rolling
moment at low angles of attack and at all Mach numbers. The largest
reduction amounted to about 30 percent of the rolling momemt for the model
with no tail.

INTRODUCTION

Experimental research at transonic speeds to determine lateral con-
trol characteristics of flap-type ailerons is needed because the avail-
able data are meager and theory 1s inadequate for accurate prediction of
control effectiveness. Most existing information has been obtained from
tests of small-scale models by utilizing the transonic-bump and wing-flow
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techniques. (See, for example, refs. 1 to 3.) Accordingly, effective-
ness and loading characteristics of flap-type controls on relatively
large-scale unswept, sweptback, and delta wings are being investigated in
the Langley 16-foot transonic tunnel at Mach numbers up to and slightly
above 1.0. Results from an unswept-wing model investigation are reported
in reference L. The present paper includes effectiveness information
obtained from tests of a 45° sweptback-wing model with inboard, midspan,

. and outboard ailerons. In addition, the effects of a horizontal tail, a
vertical tall, and the complete empennage on the lateral characteristics
are included.

The sting-supported model used for the investigation has a 45° swept-
back wing with an aspect ratio of 3, a taper ratio of 0.2, and NACA 65A004
airfoill sections streamwise. The longitudinal characteristics of this
model without ailerons are presented in reference 5. TFor the present
investigation the model was equipped with inboard, midspan, and outboard
unbalanced ailerons, each having a span of L4LO percent of the wing semi-
span and a chord of 30 percent of the wing chord. Data have been obtained
at Mach numbers from 0.80 to 1.03, angles of attack up to 279, and aileron
deflections to aspproximately #15°. The test Reynolds number was approx-

imately 7 X 10~.
SYMBOLS

The model forces and moments have been reduced to the stability
system of axes.

b wing span

c local wing chord

c' wing mean aerodynamic chord

cL 1ift coefficient, E%gi

Cy Rolling-moment coefficient, Rollingmoment
. Yawing moment

Cn yawing-moment coefficient, 450

Cy lateral-force coefficient, Laterzé force

M free-stream Mach number
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o} free-stream dynamic pressure

S wing ares

o angle of attack of model (fuselage center line)

o) alleron deflection angle in plane normal to aileron hinge line

(positive when trailing edge is down)

SN nominal aileron deflection (not corrected for deflection due
to load)
A sweep angle

acl
CZB:(%E')@
BCL)
Cre = | —L
Lo (55 o

alleron area

y moment arm of alleron; distance from aileron center of area to
rolling-moment axis

MODEIL. AND APPARATUS

Model

The aluminum-alloy wing, which has 459 gweep of the quarter-chord
line, was mounted on the body in a midwing position and was designed for
no geometric twist, incidence, or dihedral. The airfoil sections paral-
lel to the plane of symmetry are NACA 65A004. Coordinates of this
section are given in reference 5 and the fuselage ordinates are given in
reference 6. :

The unbalanced trailing-edge ailerons were composed of four segments
on each wing and were deflected in adjacent pairs to simulate the inboard,
midspan, and outboard configuration. Aileron deflection was accomplished
by utilizing tongues mounted between the wing and ailerons at the hinge
line. These tongues were bent to obtain nominal deflections of 0°,,+7.50°,
and #15° perpendicular to the hinge line. On the left wing the tongue
for each segment covered its full span so that no gap existed between the
wing and sileron.- On the right wing, however, two separate tongues
0.86 inch in width spanwise were utilized to attach each of the four |
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aileron segments. A gap of about O.4 percent of the wing chord, there-
fore, existed over 71 percent of the alleron span.

The horizontal tail has a sweep angle of 45° of the quarter-chord
line and was mounted on the model in the wing chord plane extended at
an incidence of -4©. The vertical tail also has 45° sweepback of the
quarter-chord line.

B

Pertinent dimensions and geometric details of the model are given
in figure 1 and photographs of the model are given as figure 2.

Apparatus

The tests were conducted in the Langley 16-foot transonic tunnel,
which is an atmospheric wind tunnel with an octagonal slotted test
section permitting a continuous variation in speed to Mach numbers
slightly above 1.0. (See ref. 7.) The sting-support system is arranged
so0 that the model is located near the center of the tunnel at all angles
of attack.

Model forces and moments were measured by a six-component internal
strain-gage balance, and angle of attack by a strain-gage attitude
transmitter.
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TESTS

Simultaneous measurements of model forces and moments were obtained
for the following configurations:

Sy
Purpose Right-wing aileron Left-wing aileron Horizontall Vertical
tail tail
Inboard| Midspan| Outboard | Inboard| Midspan; Outboard
0 0 0 0 0 0 off off
7.5 0 0 0 0 0 off of £
15 0 0 0 0 0 off off
-T7.5 0 o) 0 0 0 off off
-15 0 0 0 0 0 Off Of'f.
Spanwise 0 7.5 0 0 0 0 off off
effect 0 15 0 0 0 0 off 0
0 ~-7.5 0 0 0 0 off off
0 -15 0 0 0 0 off off
0 0 7.5 0 0 0 Off off
0 0 -7.5 0 0 0 off Ooff
0 0 -15 0 0 0 Oof f off
-15 0 0 15 0 0 off Ooff
-15 0 0 15 0 0 On off
Tail -15 0 0 15 0 0 off On
effect -15 0 0 15 0] 0] On On
15 0 0 0 0 0 On On
0 15 0 0] 0 0 On On

Tests of the model configurations given in the table were made at
Mech numbers from 0.80 to 1.03. The angle of attack varied from -3.6°
to a maximum of 27.4° at the lower loading conditions , and from 0° to
10.6° at the highest loadings.

The Reynolds number based on wing mean aerodynamic chord varied
from about 6.7 X 100 to 7.7 x 10P.

ACCURACY

The ‘measurement of Mach number in the test region is believed to
be accurate within $0.005, and the angles of attack presented are esti-
mated to be correct within +0.1°.
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The aileron deflection angles were obtained from the nominal angle
and a deflection due to load. This deflection due to load was determined -
from a static calibration of applied load measured by strain gages
mounted on the supporting tongues between the wing and ailerons. The
resulting values of & are believed to be accurate within +0.25°,

No adjustments to the measured forces and moments have been applied
to account for sting interference or aeroelasticity. Elastic properties
of the basic wing without ailerons obtained from static loadings are
given in reference 8.

The accuracy of the model balance is believed to be within $+1/2 per-
cent of the maximum forces and moments encountered.

RESULTS

A complete listing of the basic data from the aileron-spanwise-
location investigation of the model without tails is presented in
table I. The tabulation includes results from deflection of the ailerons
at the three spanwise locations on the right wing only. Some sample
plots of the lateral data taken from cross plots of the results listed
in table I are presented in figures 3, 4, and 5.

DISCUSSION

Some sample curves showing effects of angle of attack on the rolling-
moment coefficient of the model with no tail are shown in figure 6.
Results for the model with the three different ailerons deflected to
nominal angles of +7.5° are presented for Mach numbers of 0.80 and 1.03.
For negative aileron deflections, the rolling-moment coefficilent gener-
ally increases with increasing model attitude up to an angle of attack
of about 4° to 8°, above which some decreases in rolling-moment coeffi-
cient occur. Positive aileron deflections result in a decreasing
rolling-moment coefficient as the angle of attack is increased to approx-
imately 209, after which a rapid increase occurs.

Effect of Aileron Spanwlse Position on Roll

and Lift Effectiveness

Effectiveness parameters.- Figure 7 presents the variation of the
aileron roll-effectiveness parameter CZB and the aileron 1lift-

effectiveness parameter CL8 with Mach number for the three spanwise
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locations of the ailerons on the model with no tail. The values of these
parameters were obtained by slope measurements in the vicinity of zero
aileron deflection from plots similar to figure 3. For angles of attack
up to and including 12°, the outboard aileron, which has the least area,
has less roll effectiveness than either the inboard or midspan ailerons
which have essentlally equal effectiveness (fig. 7(a)). Furthermore,

the induced load due to aileron deflection on the portions of the wing
not occupied by the alleron is probably smaller for the outboard con-
figuration than for either the ilnboard or the midspan. This relative
induced-loading characteristic is probably amplified by the fact that the
wing is swept. Although the roll effectiveness of the inboard and mid-
span alilerons are about equal, the 1lift effectiveness of the inboard
aileron is greater (see fig. T(b)). It therefore follows that the center
of load due to aileron deflection shifts farther fram the roll axis for
the midspan aileron.

At an angle of attack of 200, the roll effectiveness of the inboard
aileron 1s very small and, in fact, 1s zero over part of the Mach number
range (fig. 7(a)). The midspan and outboard ailerons retain some effec-
tiveness, the outboard aileron being the more effective at Mach numbers
up to 0.93, after which the midspan aileron becomes more effective.

As in the case of the roll effectiveness, the outboard aileron has
the least lift effectiveness at angles of attack up to at least 12°
(figure 7(b)). The inboard aileron lift effectiveness, however, is
greater than the midspan effectiveness at all Mach numbers. This sequence
of 1lift effectiveness, increasing from outboard to inboard, results from
the relative aileron areas and from the relative induced loading which
increases as the aileron is moved inboard.

Normalized effectiveness parameters.- It is shown empirically in
reference 9 that at supersonic speeds the 1lift effectiveness of an alleron
can be related to its area and the roll effectiveness to the aileron
moment of area about the roll axis. TFor the mixed-flow case of the tran-
sonic speed range this simple concept is not necessarily valid. However,
normalizing the measured effectiveness parameters of Cis and CL6 on

the basis of their respective moments of area and areas for the three
ailerons tested should present a relative picture of the performance of
the three allerons without regard to their geometry or location. Such
normalized values for the three ailerons are presented in figure 8. For
angles of attack through 12° both the normalized roll-effectiveness param-

eter Cy 5b_ and the normalized lift-effectiveness parameter CI@ S
S 5.5 Sa,

are the greatest for the inboard sileron and the least for the outboard.

That is, for a unit of aileron moment of area or a unit of alleron area,
the inboard aileron position is the most effective and the outboard
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position is the least effective. At.an angle of attack of 20° the trends
of the normalized roll effectiveness parameters for the three ailerons
follow the same pattern as the parameter CZS' The outboard aileron is

somewhat more effective than the other two for Mach numbers up to about
0.92. This is also indicated by the normalized lift-effectiveness param-
eter at this angle.

Tail Effects

Previous investigations to determine the effectiveness of lateral
controls on models include very little Information which defines the
effects of a tail or complete empennage on the model lateral character-
isties, particularly in the transonic speed range. That is, the effects
of changes in the tail loads which result from changes in the model down-
wash and sidewash caused by deflection of lateral controls have been
largely neglected. Accordingly, the present investigation includes tests
of the model with a horizontal tail, vertical tail, and complete empennage.

Inboard ailerons.- A vertical tail and a horizontal tail have been
added separately and in combination to the model with the inboard ailerons
differentially deflected 15° each on opposite wing panels. The lateral
characteristics of these configurations are presented in figure 9. The
results of the tails-off model tests indicate that the rolling-moment
coefficient decreases rapidly above an angle of attack of approximately
4O at a Mach number of 0.80. This rapid decrease is delayed to an angle
of attack of about 10° for the higher Mach numbers of 0.98 and 1.03.

These trends are essentially the same for the three tail-on configurations
tested. A reduction in rolling-moment coefficient over the angle-of-
attack range up to approximately 8° or 10° occurred at all Mach numbers
when either or both of the tails were added to the model. The largest of
these reductions was about 30 percent and occurred when the combined tails
were added. This latter result is in agreement with results from tests of
a free-flying model with and without a free-to-roll taill, wherein the
effects of tail damping are considered (ref. 10).

Observation of the decrements caused by the individual vertical
and horizontal tails indicates that the horizontal tail contributes the
greatest part of the reduction in rolling-moment coefficient (fig. 9).
This reduction is probably due to changes in tail loading of opposite
sign on the two tail panels which results from changes in wing downwash
caused by the differentially deflected ailerons. At angles of attack
above about 109, addition of the vertical tail alone causes an increase
in the rolling-moment coefficient, whereas at lower angles a decrease is
noted. This change in sign of the rolling-moment increment results from
the fact that the center of load on the vertical tail shifts from a posi-
tion above the roll axis to a position below the axis as the angle of



J

@

NACA RM L56J04 GRS 9

attack is increased. The increments in side-force and yawing-moment
coefficients due to the effect of sidewash on the vertical tail increase
with increasing Mach number up to a Mach number of about 0.98.

Transonic tests of a body-mounted lateral-control device adapted to
the present basic wing-fuselage configuration have been made and the
results have been published in reference 11l. Addition of the empennage
to this configuration altered the magnitudes of the lateral coefficients
by about the same percentages as for the present inboard aileron
configuration.

Inboard and midspan ailerons.- A comparison of the model lateral -
characteristics obtained with the right-wing inboard and midspan ailerons
individually deflected 15° and the empennage on and off is presented for
Mach numbers of 0.80 and 0.98 in figure 10. Generally, the tall has a
greater effect on the lateral characteristics of the inboard aileron con-
figuration than on those of the midspan aileron configuration. Adding
the tails reduced the rolling-moment coefficients of the inboard aileron
model by about 0.0050 at angles of attack up to 6° but had essentially
no effect on the midspan aileron model at these same low angles. The
tail effects on the model yawing-moment and side-force coefficients were
about twice as great for the inboard ajleron configuration as for the mid-
span aileron over the angle-of-attack and Mach number ranges tested. The
changes in the wing downwash and sidewash in the vicinity of the tail are
therefore much greater for the inboard aileron deflections than for the
midspan.

Effect of Spanwise Aileron Position on Complete
Model Rolling-Moment Characteristics

In the discussion of the characteristics of the model with no tail,
it was shown that the midspan and inboard ailerons have about the same
effectiveness. It was also established that the downwash and sidewash
effects on the empennage loads are more detrimental to the model rolling
moment with the inboard ailerons deflected than with the midspan ailerons.
As a result, the midspan ailerons are more effective on the complete model
than the inboard ailerons. (See fig. 10.)

Because the present investigation did not include tests of the out-
board aileron configuration with a tail on the model, insufficient infor-
mation is available to obtain a direct comparison of the midspan and out-
board aileron effectiveness for the complete model. An indication of the
relative merits of these two configurations, however, can be gained by
referring to the data of figures 6 and 10 and to results shown in refer-
ence 10. In figure 6 a comparison of the midspan and outboard ailerons
for the model with no tail reveals that the midspan aileron generally
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produces somewhat greater rolling-moment coefficients than the outboard
alleron. Referring to the data of figure 10 at small angles of attack,
it is shown that the effect of the empennage on the midspan aileron
rolling moment is detrimental but small. Likewise, the data of refer-
ence 10 reveal that the empennage effect on the effectiveness of an out-
board aileron is detrimental and small. Apparently, therefore, it might
be expected that, for the complete model, the midspan aileron would be
somewhat more effective than the outboard aileron. Since 1t has been
established that the midspan aileron is more effective than the inboard
aileron, it is reasoned that the midspan location should be the best for
a complete configuration of this type.

CONCLUSIONS

A comparison of the transonic lateral characteristics of a L-percent-
thick 45° sweptback-wing—fuselage model equipped with 30-percent-chord
flap-type ailerons located at three different spanwise positions has been
made. The effects of a horizontal tail, a vertical talil, and the complete
empennage are included.

1. For the model with the tail off, the outboard aileron effective-
ness was the lowest of the three at angles of attack up to at least 12°,
while the inboard and midspan ailerons had about equal effectiveness.
When the effectiveness parameters were normallized to eliminate the effect
of geometric characteristics, the inboard aileron had the greatest roll
effectiveness and the outboard had the least.

2. With the inboard ailerons differentially deflected 15°, addition
of the empennage caused a reduction in the model rolling-moment coeffi-
cient at angles of attack up to about 8° or 10° at all Mach numbers.

The largest reduction amounted to about 30 percent of the rolling-moment
coefficient for the model with no tail.

3. The effects of the empennage on the model lateral characteristics
with the inboard aileron deflected were generally greater than the effects
on the characteristics of the model with the midspan aileron deflected.
Adding the empennage reduced the rolling-moment coefficient about 0.0050
at angles of attack up to about 6° with the inboard aileron deflected 15°
on one wing, while essentially no change in rolling moment resulted from
the presence of the empennage on the model at these angles of attack
with the midspan aileron deflected.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., September 18, 1956.
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~Teb66
=785
~8e01
-8410
-8s16
~B8e23
~Be24

0s06
0403
0400
~e02
=03
~s07
«e09
~sll
=13
=034
-s39
~sd5
=255
=66
~473
-s82
=95
=298

T35
7e30
Te26
Te23
7s18
7421
7405
6e93
6077
6074
666
6355

14456
14052
14649
P YL
PEYL Y]
14349
14439

M = 0.90

CL CY
-e1331  =,0007
~e0130 #0013
«1103 40036
°2458 «0055
3794 00067
+4873 +0076
#5760 «0084
+6638 «0104
27593 «0114
8421 00124
+8834 «0121
9250 20117
140262 20006
20789  =40010
«0476 «0004
«1821 «0023
3243 «0033
4732 +0047
#5785 «0048
06571 «0058
+6969 «0065
+8063 40078
«8737 +0079
+9195 «0071
09648 00074
140808  =40032
—e2422  -40004
-¢1170  =,0003
-40452  =40002
«0783 «0000
01427 «0002
02958 +0007
«4365 «0005
05668 +0010
06353 +0009
+6780 +0014
7226 «0012
+ 7841 +0017
«8707 40020
+9373 « 0004
#9707  =40015
140089  ~40052
140715 =-,0158
101238  =40199
0665  =40013
#1960  =,0020
3408  -.0028
+4786  ~40034
*6058  =40027
«6838  -.0023
7422  =40030
#7880 =-,0023
«9495  ~=,0002
+9853 «0010
140076  =40024
141030  =40184
«1241  ~,0008
02438 ~40020
#3858  ~,40033
5234  ~,0044
e6483 =004k
¢7176  ~40039
07652  ~,0066

Gy

+0150
#0155
20173
40185
20184
20198
20147
00124
0118
+0101
« 0068
«0017
~e0106

+0086
« 0093
«0106
#0102
+0111
+ 0096
0079
00061
« 0061
«0047
0018
-e 0027
=e0111

—«0016
-s0014
=+0012
~¢ 0005
=« 0000
20007
¢0017
0027
20012
20014
20010
«0012
+0013
0002
-« 0006
~¢ 0032
=+ 0084
—+0113

=+ 0006
—e 0028

<e0176
—e0158
“e0146
~e0123
~e0123
~s 0076
-+0016

15

+0011
=+0000
=20011
-20023
-+0033
=20041
~¢0050
~e0056
-e0065
~e0077
~s0062
—+0050

00024

=¢0000
=+0005
~20012
~e0016
~e0024
<0026
=+0033
~s0031
—+0048
-+0036
~e0041
~e0022

0057

-e0007
=¢0004
=¢0005
~e 0003
~e0002
~a0001
=+0000
=+0006
~+0005
~«0006
~+0006
=e 0007
=+0013
-+0006
~e0002

«0028

«0087

00121

=+0000
#0008
«0014
20019
0021
«0013
0014
«0021
0005
~e0009
~+0001
0056

0009
«0023
0035
#0046
20045
#0042
«0184




4

=003
1487
5470
761
9452
11le42
13407
15422
17627
1936
21e38

=0+01
1489
379
572
Te63
9454
11e45
13413
15422
1729
19432
21440
25435

—1e36
037
le42
2440
4036
6440
8433

1043

1156

12445

13469

15484

17498

20011

2220

24428

2640

-0e12
le89
3¢90
591
7493
9491

1190

13423

1526

17435

19+ 42

=005
1496
3496
5498
7498
9498
11494

=14443
“l4e49
=14e59
-14062
~14e64
~14477
=14489
~15427
—15450
~15e64
~15476

7426
Te21
Tel4
7409
7e1C
7411
7sl6
7281
6275
6s06
6461

14642
14442
14435
14429
14427
14426
14428

TABLE .- BASIC DATA FOR MODEL WITH AILERONS ON RIGHT WING - Continued

M=0.94
Cy, Cy
~e1298 =e0016
=+0051 « 0007
22726 #0051
04066 20074
#5255 « 0090
«5981 20095
06905 #0112
#7733 20131
+8680 20157
. 9472 00165
140000 «0133
-a0846 = 0006
00454 «0008
1859 «0023
03331 +0038
«4618 +0056
#5836 20072
06634 20076
07369 «0078
8197 20094
#9148 «0109
29907 «0l12
140510 «0089
la1613 =« 0063
-el079 ~e 0006
+0109 =¢ 0001
20896 ~e0001
«1600 =+ 0000
#3086 « 0006
« 4588 «0009
25809 « 0016
« 6980 20015
#7393 « 0019
#7539 «0012
07994 « 0025
#9057 +0019
«9952 20017
120732 +0002
le1197 -+ 0060
161657 =e0175
le2220 -e0218
«0558 -+ 0009
1843 =+ 0016
3288 =e0024
«4778 =+ 0030
06052 =e0021
¢7113 —=e 0019
«7848 =e 0025
«B8489 -e 0023
#9151 =-e0015
140021 ~+0005
140660 #0002
«1207 ~+0018
02413 =+0030
3821 ~e 0043
05227 =e 0049
26570 -2 0053
« 7589 —e 0049
+8396 =+0051

<

#0139
¢0163
«0199
0205
#0218
20195
20176
00127
0117
240094
0048

+0084
20098
#0111
20109
+0111
«0120
20112
40087
#0053
00056
+0030
«0008
~20059

~+0019
~40008
=40002
-40000
«0016
+0015
+0037
+0029
0015
40014
+0019
«0011
#0012
20006
-e0013
~40038
~+0050

~#0110
=¢0095
=s0072
=e0069
=20061
~e0037
=+0051
~+0045
~+0014
~+0002

#0004

-¢0176
-¢0151
~s0128
-e¢0128
-+0118
—e0096
~+0098

a1l ofg]

(a) Inboard aileron - Continued

+0019
+0007
=40019
40034
=40044
~e0053
~0 0064
~40065
=+0093
-40098
=e0096

“eQ003
~+0001
=+0000
=¢0001
=+0000
~e 0002
=¢0005
~+0010
~20004
=s0005
~+0010
=+0012
~e0015
=+0017
~s0002

#0035

«006C

#0005
«0012
0021
40020
0023
+0019
20024
20024
¢0026
+0008
=e0008

#0022
#0037
20047
40047
#0052
20049
0051

«0e03
1le87
3477
570
7e61
9e52

1le42

13409

1524

17435

19440

21448

=0s01
le89
3479
5072
7063
9a 54
11445
13415
15428
17+ 39
19¢ 42
21451
25443

~3462
=160
Qs 46
1e 49
20 44
6045
8o &h
10645
11e57
12448
13473
20419
22431
2he 42
26454

=0e12
1. 89
3490
5491
7493
9e91
11+50
13425
15432
17443
19452

=0s05
1le 96
3496
598
7498
9498
11e94

=1l4431
=14437
~14e45
~14452
~14459
~1b4ab4
=14463
-14483
~14498
=15431
=15467
~15.88

0417
008
0600
=¢C5
=409
~e26
=e33
= b0
~s45
~e51
=060
~+93
=1e0C3
~1le15
~1le27

7el7
7413
7406
698
6494
6094
6487
6484
6¢8C
6065
6453

14435
14,31
14626
14420
14617
14412
14407

NACA RM I56J04

M =0.98
‘L Cy
~e1l56 -e0022
0147 ~¢0001
°14%6 #0030
2876 00053
24207 +0081
45402 20110
26495 e 0132
7471 00162
e8537 00214
29429 «0255
1le0172 0264
10867 00230
-e 0704 =#0013
20619 +0003
21971 20023
#3308 00042
4636 20062
5852 #0085
#6977 «0108
7957 +0128
*9108 20163
9747 20153
10777 « 0176
lel367 20184
142570 =+0001
~02470 +0004
~s1111 20006
#0171 20003
40842 +0006
«1515 «0007
s hi24 «0010
«5738 «0014
06987 #0020
«7876 +0033
<8165 40020
*9043 20042
lel412 ~+0004
142037 =s0017
162608 =-e0129
le3132 =-s0183
00431 ~e0009
01804 ~-90018
#3164 -e0024
04620 ~e0028
05964 =+0026
e7228  -20027
28343 ~s0024
9122 -+0023
10108 =s0008
140989 20005
lel761 00004
¢1023 ~e0021
22285 ~e 0035
23696 -s0045
#5179
06502
27620
«8730 =2 0060

i

+0137
¢0169
20185
20196
20214
+0229
+0230
00234
«0226
0208
00140
20086

0078
20097
«0108
20124
00142
#0125
#0133
«0127
20122
+ 0055
+ 0054
00034
-»0028

-+ 0017
~¢0010
=+0005
=« 0006
~+0002
«0013
20004
20002
20040
0004
¢0043
#0001
00004
-+0011
0015

—e0107
-+ 0081
-e0058
—¢0055
~e 0051
=+0060
~20038
~e 0024
-+ 0002

+ 0009
~+0003

~e0162
~e0140
-e0120
~e0102
~+0103
-«0113
~¢0093

Cn

0023

+0014
-~+0004
-+0017
=¢0033
=e¢0052
-e0067
=+0092
=e0123
~e0152
=e0171
=e0169

#0009
~¢0000
~«0009
=e0015
~e0028
=e0042
=e0057
~es 0074
=+0097
-e0093
=«0115
=e0129
=¢0110

~+0002
«0001
«0001
20001
+0003
«0004
#0002
0002
«s0015
~e0002
«0021
=e0013
=~e0036
~e0022
=e0021

«0007
«0017
20022
00024
«0022
«0020
00024
#0020
20016
+0013
=+0001

+0024
+003%
20045
20049
#0052
#0055
+0057



i

NACA RM L56J04

~0e03
1487
3e77
5470
Te61
9s52
1le42

030
2431
4432
633
8e34
10433
12433

=3459
~le58
0s49
le 49
2450
4a43
6a47
8448
10446
12431

=0s12
1489
3490
5491
Te93
Ge91
11490

~0803
1487
3477
5270
Tebl
Fe52

~14424
~14430
~14439
14447
~14453
~14453
=~14+61

=715
~7e24
~7432
=741
=745
=751
=7468

0e16

0407
=04900
=0,05
=0408
=0418
=0427
—0435
~0s42
“0449

716
712
7405
6497
632
6492
6085

14434
14431
14425
14220
14415
14412

M

L

~ell1l1l
0139
0143]
2829
04121
#5291
26423

—e0424
20929
22285
«3700
«5048
06206
«7428

~e2398
~«1120
+0176
«0819
«1527
2866
«4257
25646
«6897
27964

20396
¢1794
#3110
04531
5952
«7204
«8233

20564
22234
3528
4885
o808
e7231

TABLE I.- BASIC DATA FOR MODEL WITH AILERONS ON RIGHT WING - Continued

[ai1 off]

(a) Inboard aileron - Concluded

= 1.00
Cy < Cn a

-e0022 #0132 40023 =0s03
~« 0000 00165 ¢ 0012 le87
#0030 +0185 =e0003 3477
+0055 #0198 ~a0016 5470
«0086 20211 ~40033 Te61
20115 20225 ~e 0050 9e52
20137 20227 ~e 0072 12e 42
=+ 0010 #0080 20008 0e30
«0012 40097 =4 0001 2431
«0030 «0108 =20010 he32
20049 00124 ~s0020 €e33
00074 «0138 =e 0035 8434
«0098 «0140 -e0051 10433
20123 s0132 = 0068 12433
«0002 =»0015 =+0002 =3¢ 64
#0001 =+0011 =20000 =1455
s 0005 ~s+0007 «0002 =0a 54
« 0006 - 40006 « 0001 1ls52
20007 =+0000 #0003 2450
«0010 «0006 « 0004 4o 69
« 0013 + 0009 20004 o 44
+0018 «0017 20002 Be 47
«001% #0012 ~e0003 10446

«Q019 20013 =+ 0005
=+ 0008 =s0107 «0008 =0e12
=« 0018 ~40082 20016 le89
~e 0025 -¢0068 20022 3488
-« 0022 ~¢0043 «0025 5491
-+ 0023 -+0040 20020 7493
-+ 0029 ~+0055 #0025 9291
=+ 0030 =e0035 0033 11e90
~e 0030 =s0164 #0025 =0e¢03
~e0043 ~e0139 #0035 1. 87
=+ 0054 =40117 +0045 3677
=+ 0065 =+0100 #0050 5470
~a 0768  =40097 «0057 Ta61
~e¢ 0073 ~¢0107 20055 9452
11442

=14e21
~14,28
~14439
~14437
~14a52
~14e54
=14s61

~7+13
~7422
=733
~7s41
~T7e46
=7452
~Te67

0419
OscC8
0404
~0405
=04C9
~0422
~0430
=0436
=042

Tel2
7406
6099
6eSh
6489
6295
6485

14429
14,26
14423
14015
1415
14414
14408

M= 1.03
CL Cy
—e1044 -40023
40311 «0004
+1589 00030
«3019 «0057
04237 +0080
a5341 «0105
«8376 20129
-+0315 ~«0005
41000 + 0009
2677 #0032
»3835 + 0046
05098 «0070
#6233 20090
2 7445 «0118
~02523 #0002
~s1082 «0000
00433 ¢0003
+0842 «0002
¢1506 40006
+2983 +0008
e hb40 20011
«5707 «0017
¢6910 «0019
0457 =+0009
01718 =+0019
$3231 -e0024
24845 ~-20028
26042 -40027
07149 ~+0026
28289 =s0026
20842 ~e0021
02197 ~+0038
03592 ~s Q046
+4939 =+0056
o#170 -e0062
«7307 ~e0067
*8265 =+0070

C

e 0140
+0160
+0168
«0184
0205
00222
20217

+0075
#0083
¢ 0106
«0122
20140
20137
«0128

~e 0020
=+ 0014
-+ 0007
-~ 0006
0001
« 0007
0019
+0021
¢ 0012

—e0102
-+ 0086
~+0055
~e 0041
=+0041
—+0051
~+0036

~+0170
~e0137
~e0111
=e0093
-+ 0087
—e0105
—e0100

15

n

00023

#0010
~20005
~+0019
=+0033
~e0052
=e00T71

«0006
~+0000
=+0010
~e0019
~e0034
=+0050
-+ 0066

~¢0002
20001
#0001
«0002
+0002
+0003
#0003
~»0000
=e0001

«0008
0015
20021
20021
«0021
#0026
«0025

«0022
«0035
00041
«0046
«0050
0051
0052
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TABLE I.- BASIC DATA FOR MODEL WITH AILERONS ON RIGHT WING - Continued
[Tat1 off]

(b) Midspan aileron

M = 0.80 M =0.80
a 5 cL Cy c - ¢, a 5 c Cy cy c,
~1e90 =14e67 -42055  ~40046 00162 #0025 ~1e92 ~14s53 <4208l =.0054 *0139 «0033
0632 -14470 ~e0734  =40034 «0167 +0019 0633  =14e57 =—¢0712 ~e0044 «0156 «0025
2453 =14473 00547  =40027 #0175 40010 2457  -14462 +0705  ~a0027 +0169 «0016
Lol <14e79 #1979  =.0012 +0184 40001 4084  =14467 #2294 ~40014¢ «0178 «0007
6696 -14481 03467 «0005 «0187  =,0010 7609 —14.71 *3924 «0001 0194  ~40003
9el7 -14488 04817 #0015 #0174  =~40025 931  -14.87 25240 «0019 +0187 =,0018
11432 -15.09 «5878 +0030 #0141  =,0034 1le45 -15.09  +6029 #0028 00145  =40027
13449 ~15421 06999 20044 #0134  =40051 13461  -15.26  »7169 #0050 00133 ~a0044
15463 =15426 +7920 «0065 0122  ~40060 15675 ~15434 48149 +0078 #0131  =,0055
1771 -15435 28452 «0066 20096  =40062 17487  ~15440  +8846 20075 «0114  =,0063
19670 ~15437 «8660 #0030 00050  =40029 19093 —15447 49203 #0032 0072  =s0036
21677 ~-15443 ¢9085  =40001 20020  =40007 21298  =15455 49589  =40007 +0025 «0001
23486 ~15.51 +9524  =a0090 =40023 +0038 24410  ~15465 140160 =~e0107 =40011 20037
25697 -—15465 140103  =40089 =e0153 $0097 26020 -15482 140657 =~e0190 -40082 «0075
-1e86 —7437 ~el654  =40004& #0081 #0003 =1e91 ~7431 =41817 -.0021 20079 «0009
0e34  =T441 ~e0343 #0003 #0086  ~40001 0e34 =7434 =40397 =a0011 «0092 «0005
2054  =7,43 «0954 0012 «0090  =40002 2460 ~7¢39 #1107  =.0002 20097  =+0001
4076 =746 2413 «0020 +0102  =,0007 4486 —7443 22734 +0009 20104  =+0005
698  -7,48 #3901 «0029 +0096  =40014 Te12 ~7447 «4380 «0018 «0108  «40013
9018  ~7,59 +5182 +0037 «0094  =40018 e 34 ~7466 5641 +0032 20100  =s0021
11436  w7,73 +6319 «0039 +0078  =,0026 11s47 ~7482 06372 20031 «0074  =40026
13449  =7.82 +7325 «0045 #0068  =40034 13462 -8410 47412 «0039 00067  -40034
1564  =7.88 +8146 #0048 «0061  =,0039 15477 ~8402 8412 #0057 «0066  =40039
17672 <7494 «8726 « 0047 0044 =,0041 17.88 ~8428 49154 «0048 «0044  =40038
19672 ~7,97 «8917 «0011 =~ 0005 19694 3414 9491 «0009 «0014  ~4001%
21677  ~8.03 #9278  =40028 «0014 22400 ~8423 +9850  =,0041  -40027 +0032
23487  -8,12 #9710  =e0136 #0075 24411 ~8432 140373  ~s0135  =40060 «0074
26400 ~8.23 140363  =+0109 «0123 26422 ~8434 140980 =+0208 =40129 «0126
-3465 0403 ~¢2314  =40006 =40011 =.0006 11le 48 =s43 06780 «0014 0014  ~40006
~1e56 0401 ~+1010  =e0005 =40012 =-40004 13464 ~s54  +7841 «0017 0012  ~+0007
0458 0400 ~e0422  =40001 =s0010 =—40003 15477 ~460 #8707 «0020 «0013  ~40013
le4l ~.01 0704  =40002 =40005 =40004 17489 ~e65 49373 00004 #0001  ~40006
2443 ~.02 *1334 20001  —=e0005  =40002 19495 ~e71 49707 =e0015 ~40006 ~a0002
4ots7 ~e03 «2678 +0001 «0007  =40001 22401 =e79 140089 =+0052 —a40032 «0028
6eb4 e 05 4029 20003 «0010 #0001 24413 =495 140715 =40158 —40084 +0087
8438 -e04 25268 «0009 20018  =40004 26423 =1,00 141238 =+0199 =~40113 00121
10645 .11 06167 « 0009 $0014  =40007
11439 =31 6732 «0012 #0013  =,0006
12450 =16 07238 +0007 «0011  =40006
13453 —eb1 7674 +0015 #0008  =40007
15465 ~e46 + 8405 «0012 «0011  =40013
17472 =47 «8929 20004 00005  =e0012
19472 .48 .8983  —40006 #0003  =,0014
21479 =455 «9456  =40063  =40021 «0010
23488 =450 9937  =s+0166 =—+0065 20073
-1481 Tetsl ~s0759 =+0013 ~—40107 —=,0005 -1.86 7e40 =¢0B94  =—40008 =40116 =~40002
0e4l 7438 40615 =.0006 =~+0103 «0001 0640 7436 <0601  =40014 -40109 #0005
2460 7435 «1898 =.0006 =40094 «0008 2e 64 7e34  «2043  =40016  =40091 «0013
4482 7433 ©3393 -+0092 «0013 4489 7032 #3670 ~40015  ~.0076 «0018
703 7429 4791 ~40070 #0015 Tel4 7629 45203  ~4001l1  -40057 «0017
9422 7416 +5872 =40059 «0016 9435 7416 #6397  =40016 «0016
11637 7407 «6858 -40033 «0014 11449 7410 06944  =40018 «0017
13454 689 «7868 -40040 +0020 13462 6491  ¢7823  =40017 «0018
15467 6495 28604 ~40026 #0017 15479 6679 48906  =40008 «0018
1773 6492 +9028 ~e0021 +0009 17490 6476 49468  =40006 «0005
19471 6292 #9123 =40024 «0013 194 96 6379  «9780  =40024 «0006
21476 6488 49392  =40083 =,0046 #0033 21696 6465 09988  -40086 00046
23486 6479 #9930  =s0215 ~,0108 »0118 24409 6459 140532 =40236 «0145
25498 6671 140389  =40215 —40199 00169 26421 648 101097 =40309 =40162 «0175
~1e77 14477 40300 =s0032 =40197 «0012 -1e81 14e6l =a0427 =+0038 =40193 20017
0643 1471 «0987  =¢0036  =a0187 #0021 0s 4l 14,56 #0932  =4+0045 «0029
2462 14469 42334 =40043  =40174 «0033 2466 14454 #2405  =¢0054 «0040
4485 14470 #3832  =40045 =,0171 +0040 4492 14453 04093  —,0060 « 0046
7006 14468 ¢5216  =e0040 =014 20042 7416 14455 5653  =40055 ¢0047
9825 14461 06235  =e0042 =40122 20044 9436 14448  ¢6778  =40056 40052
1139 14449 «7082  =a0042 =40075 #0043 11450 14¢34  «7168  =40045 +0046
13453 16442 7976  ~e0049  ~40076 $005C 13463 14920 #8079  =e0046  ~40056 «0044
15464 14438 28626  ~e0047 ~40055 40043
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—1e93
035
2063
4e89
Tels
G35

11456

1368

15482

17497

20409

22417

24426

2638

=1e36
037
le42
2440
4436
6040
8433
1043
11456
1245
13469
15484
17.98
20e11
22420
24428
26840

=187
040
2665
4490
Tel4
Ga36
11+54
13470
15484
1799
2011

=187
0e4l
2467
4e92
Tel5
9438
11457

=14e43
~l4447
~14450
~14459
~14463
“14¢79
“14398
“28v28
=18439
~15447
=15 457
=15464
=15481

~7e21
=T7e25
~7832
~7e39
~Te48
=762
=776
-7497
=804
-8e21
~8422
~0437
~8446
~8456

-s91
-e97
~e98
~lelb

733
7425
Te24
Tel8
Tel4
Tel04
6494
6495
6258
6061
6455

14452
1447
léeho
14439
14436
14624
144128

TABLE I.- BASIC DATA FOR MODEL WITH AILERONS ON RIGHT WING - Continued

[Tat1 orf]

(b) Midspan aileron - Continued

M= 0.94
Cy, Cy Cl Ch a
-e2123 =+0058 20131 «0036 =1la91
“e0659 ~e 0046 0156 «0032 Oe36
20882 -+ 0031 20165 20021 2463
«2722 =e0012 20177 #0010 “4488
04264 « 0005 «0210 ~es 0000 Te11
«5589 «0029 20224 -=+0020 Fa36
26481 + 0035 #0179 ~40028 11455
07352 « 0046 «0 144 ~e 0040 13e72
+ 8441 #0079 #0135 =+ 0056 15.89
«9289 « 0091 «0128 =es0070 18404
140031 «0086 20117 ~+0086 20418
1.0579 + 0020 +0081 =+0069 22429
le1186 ~e0105 40060 ~e 0045
~+1946 ~e 0028 0070 «0011 ~1le89
-40389 ~e 0015 20088 «0007 037
01243 =+0005 +0101 #0002 2462
«3014 s 0009 40109 «e0004 4e 87
«4621 +0021 «0121 =s+0013 7e11
«5948 «0037 20124 =+0027 %432
26915 40039 20098 ~s0028 1le52
27632 +0042 20075 ~e0034 13469
«8734 ¢ 0063 « 0068 =+0042 15490
+9595 «0071 +0065 =+ 0050 18404
140331 20060 +0058 =+0059 20617
140851 ~e 0010 40033 ~s 0046 22430
141346 ~s01l4é «0006 ~e 0002 244 40
1.1880 =+0320 =40020 «0047 26451
-a1079 =+ 0006 -a0019 =+0003 =3e62
+0109 ~s0001 ~+0008 =¢0001 ~le60
+0896 «»0001 =40002 =+000C Qs 46
01600 -« 0000 =+0000 -s0001 le 49
+3086 20006 «0016 ~+0000 24 44
«4588 +» 0009 +0015 =+0002 6o 45
45809 20016 +0037 =+0005 Ba 44
+6980 « 0015 «0029 ~e0010 10e 45
07393 «0019 «0015 ~s0004 11457
+7539 +0012 +0014 =+0005 1248
47994 «0025 +0019 ~+0010 13473
«9057 ¢ 0019 «0011 ~s0012
29952 20017 +0012 «s0015 20419
140732 +0002 « 0006 «40017 22431
141197 ~e 0060 -+0013 =e¢0002 244 42
1el657 - 0175 ~+0038 20035 26454
142220 ~«0218 -#0050 00060
=s0971 =~ 0009 =s0115 -+ 0000 =1le88
20566 ~=+0015 =s0106 «0010 0437
#2136 =+0018 =20082 20016 2462
#3796 ~a0018 -~ 40069 +0018 4e 89
#5328 =-+0013 “s0054 20018 Tell
06677 =e¢0009 =0042 20017 9433
27767 ~e0027 ~e0085 #0032 11452
+8378 =e 0028 ~20064 « 0028 13473
09231 =~ 0004 =40020 #0015 . 18406
29986 =e 0001 -¢0010 #0009 20421
140659 -+0015 =s0009 40001

-+0660 ~e 0042 0023 ! =1.88
«0944 ~+ 0053 20033 0e39
02461 =2 0059 =e0148 0045 2465
*4182 =2 0065 ~e0132 20051 . 4488
#5659 ~e 0063 =e0123 #0052 Telb
27046 =+0062 ~¢0117 «0053 Fe33
«8087 =+0079 = =a0147 20071 1le53

13471

~1428
~14433
“l4e42
=14453
=14460
=14s78
-14097
~15812
=15431
~15455
~15467
~15477

=T7el12
-7+18
~7e28
-T7a37
~Tesh?
-7466
~7e84
-8400
-8206
~3024
-84l
~8451
~8e58
~B8465

Te27
Telé
7409
Te04
6098
6485
6471
6452
6839
6831

L4443
14433
14029

lhe2é .

14422
14414
14801
13489

M =0.98
‘L Cy
~42093  =~40065
~+0513  =,0050
«1111  =,0030
62773 =,0012
4263 +0005
5796 40032
47035 #0061
8141 +0084
*9288 20122
10144 +0147
1.0823 #0155
161405 00092
~-e1736 ~e0025
~e0221  =40016
01315  =,0002
«2968 «0010
44515 «0019
#5954 00043
07266 20062
8424 40079
9722 «0101
140325 20106
10944 #0100
le1622 0047
142160  ~40094
142731  =,0256
=-e2470 00004
~ell11 40006
«0171 «0003
0842 +0006
«1515 «0007
4424 20010
5738 «0014
«6987 «0020
« 7876 20033
*8165 «0020
«9043 +0042
1s1412  =40004
142037  =,0017
142608  =,0129
143132 =,0183
~e1100  =,0006
00395  =40017
¢1953 =,0019
e3646  ~40018
e5191  =,0019
06628  ~,0013
#7906  =40010
09309  ~40010
140965 =40022
141608  ~40034
~e0837  =,0037
00739  =40055
42387  =,0063
03909  ~40065 .
05555 =40066
06854  =,0063
#8205  =,0066
¢9335  =40069

«0061
+ 0080
«0091
« 0104
+0128
+0135
¢0133
20128
+0130
+ 0096
20077
« 0064
#0050
«0072

=e0017
~+0010
—¢ 0005
=«0006
-«0002
+ 0013
20004
+0002
« 0040
«0004
20043

#0001
+0004
=¢0011
#0015

=+¢0108
-+ 0095
=e0076
=+ 0056
=e0048
-+0038
-¢0031
~¢0027
=e 0045
~¢0037

-e0188
=+0170
-e0137
~e0114
=¢0118
-e0102
—e0089
=2 0076

20039
¢ 0034
20021
#0011
+0003
~e0022
~s0045
~20064
=¢00950
=20111
~e0122
“e0122

#0011

20007

20004
=40002
=s0007
~e0024
~+0040
-40053
=+0073
~e0073
~+0085
~e0086
=~ 00786
=e0058

-40002
#0001
20001
20001
#0003
«0004
0002
20002

~a0015

=+0002
=20021

«e0013
~s0036
~e0022
~+0021

0001
#0010
«0016
0021
40019
«0017
0017
20018
#0025
«0022

00025
0037
+0048
+0053
#0055
#0053
00058
+0062

7
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TABLE I.- BASIC DATA FOR MODEL WITH AILERONS ON RIGHT WING - Continued
[Tetl orf]

(b) Midspan aileron - Concluded

M=1.00 M= 1.03
a ] Cy, Cy Cq C, a [ Cy, v C; c,
=1e90 ~14.26 =e1965  ~40067 s0126 #0038 ~1e92 ~14427 -41998 -40049 +0116 +0040
0637 14431 ~e0447  =,0052 00149 #0033 0e37  -14433 =—e0388 ~,0036 «0136 40031
2062 21he41 #1056  =.0032 «0160 «0021 2064 -14e41 #1180 =40018 00154 #0022
4488 _14453 02686  =40014 «0165 «0013 4490 14455 02847 «0003 «0161 «0012
Tel3 _14460 04292 «0003 ¢0195 #0002 Tel6  ~14e62  e4h24 «0017 «0190 «0005
Fe34 -14,.78 +5642 +0029 0201 9438  -14479 «5747 +0045 +0198  =,0019
11455 =14499 «7011 20061 80212  =40042 11658 ~15400 46993 «0074 00211  ~e004é
13671 15,18 «8150 «0087 «0210  =400653 13674  ~15418 8034 «0097 00206  =40062
=189 =7408 ~e1650 =40028 00062 +0013 ~1489 —7407 ~e¢1637 ~40008 «0056 «0013
0e36  =T7416 ~e0220  =40019 «0072 «0009 0438 ~7s16 =e0139 -,0001 *0066 +0009
2462 =728 #1282  =.0005 20086 «0005 2464 -7430 41376 «0011 «0079 +0005
4487  ~7436 «2892 «0005 «0101  =40002 4490 ~74¢40 43036 «0024 «0100  =0001
Tell =7445 4439 «0012 #0125  =40005 7413 ~Te42 44616 «0032 0134  ~,0008
9432 ~T463 *5859 «0038 #0137  ~,0023 9436 =7¢66 5902 +0054% «0134  =40023
11451  =7486 *7139 «0057 +0130  =40038 11455 ~7e89 7194 $0072 00127  =40040
13468  =~8402 «8340 +0076 0128  =40052 13472 ~Ba04  ¢B8244 40088 «0122  ~40052
=359 0el7 ~42398 +0002 =40015  =40002 “3e64 0e19 =—o2523 0002  ~e0020 ~-40002
~1458 0407 ~e1120 20001 =e0011  =40000 ~1e55 0409 ~e1082 «0000 +0001
0e49 0000 #0176 «0005  =40007 ¢0002 =0e54 O0e04 =00433 «0003 +0001
1349 ~405 #0819 +0006  =~40006 #0001 Oe 49 0600 0246 40001 «0001
2450 210 «1527 «0007  =s0000 «0003 1e52 —s06 0842 20002 +0002
4443 -e18 *2866 «0010 «0006 «0004 2450 -sll #1506 <0006 20002
6047 ~a26 4257 «0013 «0009 «0004 4o 49 ~423 2983 20008 +0003
8e48 ~e36 05646 #0018 +0017 «0002 6e bk «e28 24440 «0011 +0003
10446 =-s56 06897 $0019 40012  =40003 8e47 ~g39 #5707 «0017 #0021  =+0000
12431 -s69 07964 <0019 «0013  =40005 104 46 “e85 06910 «0019" ¢0012  ~¢0001
-1488 7026 ~e1103  =40010 =+0103 #0002 ~1487 Te25 ~—¢1084 =40008 -40093 20002
0437 7216 s0387  =.0014 =40093 «0007 Oe 38 713 «0383  ~=.0015 ~—.0083 20008
2462 7411 «1880  ~40018 ~s0075 40013 2463 7406 «1881  -.0018 ~.0067 00013
4488 7406 #3558  =,0019 ~.0054 «0018 4e91 7401 3742 -4 0050 20017
712 7401 #5110  =s0014 =+0043 20021 7415 6495 #5261 -¢0033 #0018
9e34 6688 6533 =,0004 =—40034 +0017 937 6185 06618  =~40011  ~40032 «0014
11452 6475 «7799  =.0007  =+0025 «0014 1le56 6073 #7801  =40006 =~e0026 «0012
~1e86 1440 -40773  =.0045 =0181 »0023 ~1¢88 14439 =e0883 =4¢0040 —+0167 «0023
039 14431 0680  =40062 =—40165 20036 Oe 39 14626 0670 ~e0057 =40155 «0035
2464 14422 02222  =40070 =40135 +0047 2464 14423 42204 =40071 =,0138 «0045
4489 14423 «3866 =40073 ~s0112 #0054 4491 14419 4000  =40074 -~40104 «0050
7013 14420 05413  =,0073 =,0105 «0053 7e15 14417 #5530  =e0075 =40089 #0051
9635 14613 6862  =40071 =~,0098 «0052 9438 14688 6921  =40071  -40091 «0051
11455 13498 «8173  =40076 =40087 ¢ 0055 11457 13497 8082  =.0072 —+0080 00054
1371 13487 09263  =40072 =+0068 +0057 13472 13484 #9089  =40072 -4 0064 20055
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TABLE I.- BASIC DATA FOR MODEL WITH ATLERONS ON RIGHT WING - Continued
[rat1 orf]

(e) Outboard aileron

M = 0.80 M = 0.90

a 5 cy, Cy cq Cy a 8 ‘L Cy G Cn

=001 =14279 =+0558 ~e 0024 0129 «0019 =001 ~14068 40494 ~0026 #0120 00027
3099 <~lkeB4 01924 ~e0007 40134 «0011 3499 ~l4s76 «2238 ~+0009 0122 00018
Be02 -1$¢02 +4604 00021 00126  =a0012 8402 14299 #4957 +0024 +0128  «40005

1198 =18,14 26645 «0031 #0102 =+0027 11498 ~15405 #6630 «0026 «0104 ~¢0016

=003 =7s41 -¢0350 ~s 0004 20065 =+0000 =0e03 =7e37 -.0282 =+0005 20062 20005
3498 =7443 #2151 20007 «0073 ~e0003 3,98 ~Teb2 #2365 20007 0073 ~+0000
799 =759 +4854 +»0016 + 0068 =+¢0012 7499 ~7459 5208 «0025 #0071 ~+0015

11496 -7469 46786 #0026 40058 =+0027 11.96 =7sT1 6852 #0027 ¢ 00686 ~e 0019

13405 ~7470 27452 +0030 20046 “e0024 13+20 “7s73 e 7414 20034 00050 ~e0017

17614 =770 +8689 20025 0047 «s0034 17428 “7477 9055 +0029 #0045 ~»0025

21404 =772 29187 »0014 20043 «e0046 21427 =786 9798 + 0006 20029 =+0017

24094 =780 1.0144 ~+0172 20004 +0025 25428 =8403 11,1101 ~+0139 ~«0037 #0054

<365 0e02 ~+2314 —«0006 =¢0011 ~+ 0006 11448 ~e38 «6780 #0014 «0014 =+0006

~1le56 0,01 -.1010 =+0005 —e0012 =»0004 13+ 64 =e43 07841 «0017 0012 =+0007

~0e58 0s00 -e0422 —+0001 ~+0010 =a0003 15477 ~eb6 #8707 20020 +0013 =+0013
lehl 0000 <0704 ~«0002 ~+0005 ~+0004 17489 ~e50 9373 20004 +0001 =a0006
2043 “=a01 01334 #0001 ~»0005 =20002 19495 ~s58 «9707 ~e0015 =20006 ~¢0002
447 ~s02 $2678 «0001 +0007 =+0001 22401 ~267 1.0089 -40052 -+0032 0028
648 -el2 «4029 0003 +0010 20001 24413 =e77 140715 =40158 ~a 0084 0087
8438 ~el2 25268 + 0009 #0018 ~s0004 26423 =+88 1.1238 =e0199 ~e0113 #0121

10645 ~all 61867 «0009 +Q014 ~+0007

11439 ~¢30 $6732 20012 40013 ~¢ 0006

12450 ~s11 «7238 « 0007 40011 =.0006

13453 ~e32 07674 +0015 #0008 ~s0007

15465 ~e33 + 8405 + 0012 #0011 =+0013

1772 ~e34 +8929 40004 20005 =e0012

1972 -37 8983 =2 0006 «0003 =+0014

2179 ~s by *« 9456 ~40063 ~»0021 20010

23.88 -850 29937 =+ 0166 ~+0065 +0073

~0.03 Te4l «0200 ~+0014 —0088 ~+0004 ~0e01 7e38 «0182 =+0010 -e 0087 20004
3498 7439 02725 =+«0010 ~a0068 +0006 3499 Ta37 2856 =+0008 ~e 0064 «+0009
7499 Te27 5293 ~a0017 =20046 #0011 8402 Te27 05424 =20003 ~s0048 +0008
11496 Tel8 #7111 =2 0009 -+0027 #0012 11498 Tel2 «7073 “e0004 =«0029 0013
13410 719 27710 =+0010 -20042 20011 13420 7408 ¢ 7665 =+0031 ~s 0041 +0011
15616 Tel9 +8401 ~+ 0008 ~e0031 «0011 15427 Te06 08662 «e0005 ~+ 0026 «0007

1712 7017 9042 =e0013 =+0039 40012 17430 T404 49406 ~e0014 ~e0032 «0009

21.00 7413 +9439 ~¢0028 ~e0013 =+0012 2le23 6095 140088 ~+0038 ~e0038 «0034

24496 7004 140453 =s0175 =40072 +0075 2525 6e80 141251 ~e0198 =e0098 #0113

o e

P

&
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TABLE I.- BASIC DATA FOR MODEL WITH AILERONS ON RIGHT WING - Continued
[Tat1 orf]

(c) Outboard aileron - Continued

M = 0.94 M= 0.98
a 5 c Cy cy Cp a 5 c, Cy = € Ch
-0s01 ~—14061 =e0460  =40028 «0110 20028 0401 =14e45 =40389 =40034 +0098 +0031
3499 =14.70 02642  =40009 20125 40020 3499 =14s62 #2521 ~+0007 +0115 40021
8402 ~-14¢91 #5258 +0026 20126  =40003 8402 =14489 #5348 «0023 +0126 «0003
11498 =15410 «7206 «0039 +0099  =40017 11498  ~15420 7682 «0063 20127  ~40030
0403  =7433 —-40294  —4+0005 40063 «0007 =003 “Te21 —e0262 =40008 +0047 +0008
3498 =7,38 «2607 +0012 40072 40003 3,98 ~7e32 42574 +0011 00067 20004
7499 =7,55 05424 40032 20081  =40011 7499 7456 #5455 40029 20079  =40009
11496  ~7476 +7187 20039 40072 =40022 11496 ~7493  «7814 40062 20094  =40032
13433 =783 «7972 «0044 40054  =40019 13,29 7498  +8607 #0066 «0094  =e0041
17433 =7491 49591 40038 40052 17446 ~8408 140565 20076 40087  =e0060
21438  ~7496 1,0841  ~40008 40020 . =40020 21452 -8420 101886 40019 20025  =40045
25448  w=3s12 141968  =40174 =40015 20024
~1436 0400 ~41079  ~s0006 =40019  =40003 -3462 0012 -42470 00004  -—a0017 ~=40002
0437 0400 40109  =40001 =+0008 =40001 ~1460 0408 -s1111 40006  =40010 20001
1e62 0,00 20896  =40001 =~+0002 Os46 0401 #0171 40003  =40005 40001
2440 0400 #1600  =.0000 =40000 1449 —403 0842 #0006  —40006 +0001
4036 05 +3086 «0006 +0016 20 44 ~s06 01515 40007  -40002 +0003
6640 .14 +4588 «0009 +0015 6o 45 4424 40010 40013 #0004
8433 -e36 +5809 +0016 40037 8o 44 «5738 00014 «0004 #0002
10043 ~45 46980 #0015 40029 10445 06987 40020 «0002 40002
11456 ~s50 +7393 +0019 40015 11457 ~468 27876 10033 10040  =40015
12445 -e5h #7539 £0012 20014 12448 «¢B8 #8165 40020 40004  =40002
13469 ;56 «7994 40025 40019 13,73 484 «9043 +0042 +0043  =40021
15484 -3 80 +9057 20019 «0011 20s19 =1401 1lel412 =eG004 20001 ~-20013
20011 ~484 140732 +0002 40006 22,31 ~1405 142037 =e0017 «0004 ~e0036
22420 -e83 141197 =.0060 =4+0013 24442 w1410 142608 =40129 —40011
24428 ~e92 141657 =40175 ~40038 26454 =1418 143132 -,0183 «0015  =40021
26440 ~1e03 1le2220 -e0218 =+0050
-0403 7032 00148  =40014  =40079 +0006 ~0s01 7019 +0075 -—e0015  =40074 40008
3498 Te3k #3051  =40010 =+0059 40012 3499 7016 +27BB  =40013  -.0038 +0015
7499 720 «5814  =40007 =~40045 +0006 8402 7409 #5667  =40007 =—¢0026 #0011
11496 2005 «7490  =40004 =40023 40011 11498 6489 #8029  =40001  —40021 40009
13427 6499 «8080  =40012 =40033 +0013 13431 6477  +8797  =40001 =40007 40003
15431 6691 49054  =40009 =+0022 +0009 15439 6478 +9845 40008 «0001  =+0001
17435 6692 29758 40000 =40009  =40000 174 44 6¢69 140807 «0014 20012  =+0008
21448 6480 101196  =40061 =40041 $0027 21s61 6065 1e1962 =—40046 —40013 40011
25439 6670 142173 =40220 =40051 40081
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=0+01
3499
8402
11.98

=003
3498
7499
1196

-1la58
049
1e49
2450
4443
6047
8448

10+ 46

12.31

=003
3.98
7499
1196

~14443
=14459
~14488
~15421

=718
=731
«7455
=795

007
0401
0403
~e08
~e1l3
-e25
=248
~e71
~e82

Tel?
Te15
7209
6e86

TABLE I.- BASIC DATA'FOR MODEL WITH AILERONS ON RIGHT WING - Concluded

[ra11 orr]

(c) Outboard aileron - Concluded

M=1.00
cL Cy c, c, a 5
~+0399  ~40035 «0095 20031 =040l  =14238
02313 =.0008 «0111 20022 3099  ~14a59
«5170 «0023 «0123 «0003 8402 =14488
#7632 «0068 «0134  =,0030 11498  ~15s21
-~¢0230  =40012 20044 «0009 0403 -Tel4
*2470 <0008 +0065 40005 3.98 =732
05334 «0032 «0086  =40008 7499 ~-7¢52
«7688 #0058 «0090  =40029 11496 ~7493
~+1120 #0001  =40011 =40000 =3¢64 0el5
«0176 «0005 =,0007 «0002 0406
«0819 «0006  =40006 40001 =0s54 0408
«1527 «0007  =,0000 +0003 1e52 Z004
«2866 «0010 «0006 «0004 2450 -e09
4257 «0013 «0009 «0004 4e49 ~-418
05646 «0018 «0017 +0002 6o b4 ~25
6897 #0019 $0012  =,0003 8e47 —e51
« 7964 «0019 #0013  =40005 10446 =70
0116 =+0016 =40067 +C009 “0e01 715
«2767  =a0011  =00042 00013 3498 7408
5596  =40006 =40023 +0009 7499 7407
«7990 «0000 =40015 «0008 11.96 6484

M=1.03

Cy, Cy
-e0327 -+004]
62516 ~e0015
#5316 20016
#7560 #0058
-e0197 =+0016
22548 0005
#5393 #0025
#7653 +0069
-e2523 #0002
~e1082 «0000
-+0433 «0003
«GB4a2 #0002
»1506 +0006
02983 «0008
« 4440 40011
«5707 «0017
06910 «0019
«0104 ~+0018
02743 ~e0017
#5721 -+0011
«7897 ~e0005

21

C; Cn

+0091 #0031
«0112 +0019
00133 20004
+0128 ~s0031

00044 + 0009
20067 #0004
#0095 «0004
« 0052 ~e0142

~¢0020 -+0002

—+0014 «0001
~e0007 20001
~¢ 0006 0002
+ 0001 «0002
+ 0007 «0003
« 0019 +0003
0021 =+0000

«0012 ~+0001

~¢ 0063 0012
-«0038 #0012
—¢0017 «0010
~e¢0015 +0005
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Quarter—-chord line

NACA RM L56J04

Quarter-chord

Pitching-moment axis — line
59 .53
c' = 22.73
11,55 ,
N\
c'/4 of win
g\* 32 .68 / ¢! = 14 .42
. |7
- - L. e :f;
59.53 o
84,13 {
104 .30
Wing Horizontal Vertical
tail tail
Taper ratio 0.2 0.6 0.3
Aspect ratio 3.0 4.0 1.5
Area, sq ft 8.16 1.64 1.80
Airfoil section [ NACA 654004 | NACA 65A006 | NACA 65A005
Span 59 .39 30.72 19.72
Root chord 33.00 9.60 20.22
Tip chord 6.60 5.76 6.06
Aesa 450 450 450
Inboard | Midspan | Qutboard
pilercn area, ft° .B57 430 .303
Moment of aileron area about roll aris, in.% 832 1025 976

Figure 1l.- Geometric details of model. All linear dimensions in inches.
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1-89919.1

Complete model.

)

Figure 2.- Photographs of model.
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(b) View of flaps on left wing.

Figure 2.- Concluded.
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02 - Inbkoard ’ Midspan Out hoard
’ N a, 'deé — a, deg - 'gag,
a, 355 o 0 -y \E =] ’ o
= - T = ;
4 0 . R e [~ ‘47\\ - — 4
T ] LT It | - ~
8 0 = 8 T~ T~ Y - B 5,
1 o - 12 [t | ‘112\'\ T i 2
| ]
6 ol T 16 i 16 T 3
j’ ’ 20 =
20 Py e == 2|0 I ~— 1 i N 20
1 T
24 0 2 | — 24 N 30 ]
b L1 +
-0zl = 080 | [
.02 ,
a, deg a, deg e a, deg a, deg |
"o ~ 0 - 0 ] 0
T Sun = =] _
1 0 ] ] ] 1] |4 1] = - 7
B - Tl
8 0 = o | T = 8 O e 0 I
¢ ™ [ ==
e oo ] \1’2\{\ ] 0! i 12
]
— L - =€ TF
16 0 ™ [ ] T [ | . 5.
16 16
20 o4 l [ ] . 0
20 20 =f
[ ] i [ ] 4
24. 0 L >
24 24 "————4
= 0,94 11 1
-.02 -
.02 -
a, deg ] @ geg =~ - as 255 - a, deg
] ==
0 O == ~u ] TS ] .
] PR . ~_] q - M 4
4 0 — \‘\ w1 == = \'T__'r_4
I ~
8 N ——— 8 [~ B T e 8
0 M~ - T | 1] - 1~
12 0 ~ 0 i 10, ] 10
! - rlu
M= 1,03 I ] ]T

e
%6 12 8 -4 0 4 8 12 16 -6 92 8 4 0 4 8 12 16 46 <12 8 -4 0 4 8

Aileron deflection angle, 6, deg

Figure 3.- Model rolling-moment characteristics for ailerons on right
wing. Tail off.
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o1 Inboard Midspan Quthoard
. % =0.80 a, deg a, deg a, de
o, deg o . T1 o T i 5%
0 0 = f f =t
4 - 4 T a4
4 0 s = = =
1] 8
——— g 8
8 0 S eauk —— %“?"T’ — = =+
e 12 12 1 4
12 0 L | | B O B et ~ I
= ] ———— 11 =T — ==
= 16 — —— 16 16 |
) |t
16 0 ——— T ——— =1 1 ————
== 20 1 — = 20
20 o] I - 1 20
| 24 — | 2L I T 1
-1 L—1
24 of= = | i — 20 A
1 B
-.01
.01 — 3 de deg
o, deg M =0.94 a, deg L] @, deg ] % 4%
0 0 || et ——— Lt i T
bt b= —
4 = 4 T 4
4 o ‘t}"f’ = Ty T T
s o ] L] 8
c e 12" ] 1 12 L] 21
n I e
12 0 — — T T B —— T
= = 16 = 16 s
16 0 ’ﬁ il f il Jlk
20 1 20 I ] I29L 1 O
? ] e EESauE
1| - 4 —T - 24 [ L+
uoo G il T “ :
-0l | 1] P11 T
01
M =1.03 a, deg a, deg a, deg
a, deg [ [ I L L1 | —— i
1 = =
4 . 4 B
| — —
4 0 = =1 : J—J’l !
8 - - S 5
8 0 S i M B e B
1] 10 10 1
——— 1 — 0,
12 0 —— = =t O B e
"0l 2 8 4 o0 4 8 12 16 -6 12 -8 -4 0 4 8 12 16 -6 -1z 8 -4 0 4 8

Aileron deflection engle, 6, deg
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